Quantifying calcium fluxes underlying calcium puffs in Xenopus laevis oocytes
We determine the calcium fluxes through inositol 1,4,5-trisphosphate receptor/channels (IP3Rs) that underlie calcium puffs observed in Xenopus laevis oocytes using confocal microscopy and fluorescent indicators. To this end, we use a simplified version of an algorithm that we published before. An analysis of 130 puffs in 11 cells indicates that calcium release comes from a region of width ~460 nm. The estimated duration of the observed releases is peaked around 18ms and the underlying Ca2+ currents range between 0.12 and 0.95pA. All these parameters are independent of IP3 concentration. We relate the obtained current amplitude distribution with the number of open channels in a cluster during a puff, Np. We find that the best fit to the observations corresponds to a situation with a nonlinear relationship between the current, I, and Np, and with (at least) two populations of clusters characterized by different mean numbers of open channels (15 and 33, respectively). The plausibility of this description is validated via numerical simulations of calcium release from sets of varying numbers of open channels spread over a region of fixed size. The different scaling behavior of I with Np depending on how large I is may be interpreted in terms of the mean distance that separates the open channels during each release event and the consequent depletion of local [Ca2+] in the endoplasmic reticulum.
